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Abstract: Mixed convection heat transfer has been gone through in the present study for two tandem square cylinders for
different edge modifications. Three different edge modifications (square, square with square-cut edge, square with chamfer)
have been performed numerically for confined tandem square cylinders with low Reynolds number (Re) for both the working
fluid of air (Pr = 0.7) and water (Pr = 7.56) with fixed blockage ratio of 0.25. 2-D numerical analysis has been studied using
Ansys Fluent software. Reynolds number has been varied from 50 to 300 with the step of 50 and variation of the same has
been plotted with Nusselt number (Nu) for both the working fluid of all the three different kind of edges.
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I. INTRODUCTION

In the last few decades, it has been found a great
interest for the researchers to the Newtonian fluid
flow over cylinders with square and circular cross
sections which have been oriented perpendicular
with the flow directions. Such research have found
the momentum from analytical contemplations, due
to the extensive form the phenomena of fluid glide
which is interrelated with the idealized structures,
seeing that a dependable expertise of engineering
parameters (drag coefficient, Nusselt number, wake
size, etc.) is regularly wanted for the layout of
different applications of interest, such as cooling
towers, chimneys, etc. Consequently, over a long
period of time researchers are gathered a lot of
information. Most of them which are found in
literature are basically for circular cylinders [1-6]. In
the circular cylinder the main problem associated
with that there is no fixed separation points which
can be eliminated in the square cylinders. This can
attribute a quite separate case and hence that is the
primary focus of interest in the present study.

Obviously, currently not simplest the values of the
engineering parameters, as well as drag coefficient,
wake size, Nusselt number (Nu), etc., vary from
one governance to another still those additionally
swank distinctive dependence at the Reynolds
number (Re) and  Peclet number (Pe).  Still,
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ahead of task associate degree comprehensive
donation and dialogue of this drawback,
its miles good to count in brief the modern

fissionability of the applicable literature.

Two tandem square cylinders with an insulated
vertical channel for lower side of the Reynolds
number at the specific range of (/<Re< 30) has been
investigated numerically for the mixed convection
heat transfer by Chatterjee [7]. Opposed convection
for particularly air with Pr of 0.7 which is the case
for air, has been investigated by him for Richardson
number (Ri) in the ranges of (-/< Ri< I). The study
of wvertical duct with five in-line cooled/heated
square cylinders has been carried out by Chatterjee
and Raja [8]. They have been found out the rate of
convective heat transfer by the numerical analysis.
Different degrees of blockage ratios of 0%, 10%,
25% and 50% have been implemented by them to
analyse heat transfer rate and investigate the variation
of Nu. The thermal transport and the flow
visualization have been interpreted for the
presentation of the vorticity, representative
streamlines and isothermal patterns. The sequel
action of distinct blockage ratios (Br) (Br =0.1, 0.3
and 0.5) and for the fixed value of Re of 100 at -/
< Ri <1 for a fixed Pr of (.7 which is air for square
cylinders on an upward flow regime and the
numerical method have been implemented to
measure rate of heat transfer by Sharma and
Eswaran [9]. The fluid flow characteristics and the
rate of convective heat transfer have been
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numerically investigated for two equal square
cylinders for the arrangement tandem in nature for the
lower region of Re which has been considered in the
ranges of 1 to 200 and the working fluid has been
assumed as air with fixed value of Pris 0.71. For two
same size isothermal square cylinders flow
characteristics and mixed convection heat transfer
have been analyzed by Chatterjee and Amiroudine
[11]. They have been chosen a geometrical
arrangement as tandem cylinders which are placed
within the channel for the lower values of Re. With
Re in the ranges of 1 to 30 they have investigated for
two different Pr of 0.7 and 100 for the Ri ranges
from 0 to 1 at a fixed single Br of 10%. For this
particular flow conditions and the geometrical
configurations they have been analyzed the vortex
shedding, representative stream lines and isotherm
patterns. The consequences of the distance between
two plates and the cylinder spacing and the effect of
Ri on the fluid flow characteristics and the
phenomena of the heat transfer has been investigated
by Lacroix and Carrier [12] for vertically separated
horizontal cylinders. Two square bars of equal in
dimensions arranged by side by side in a horizontal
channel have been studied for both steady and
unsteady flow by Durga Prasad and Dhiman [13] in
the Re ranges from 10 to 100 and Pr ranges from
0.7 to 50. They have been varied the gap ratio
between two bars. The different gap ratios chosen
by them are 1.5, 2, 2.5, 5 and 10 for the particular Br
of 1/18. For the said conditions they have
investigated and presented Strouhal number, total
drag coefficient and average value of Nu. From their
analysis it has been observed that Reynolds number
has an adverse effect on overall drag coefficient. A
row which comprises with five square cylinders that
has been arranged in a side-by-side manner has been
studied Chatterjee et al. [14] numerical analysis.
The sequel of the distance between five cylinders has
been investigated by them to analyze the
mechanism of the wake structure and vortex
shedding. A numerical analysis of square cylinders
in a confined horizontal channel of two same size
tandem arranged has been carried out by Huang et
al. [15] for analyzing mixed convection heat transfer
for the equal cylinder spacing of four different width
of cylinders with a fixed Br of 0.1 and for a
particular vale of Pr of 0.7 (air). They have been
varied the values of Re from 80 to 150 and of Ri
which is ranges from 0 to 1. The impact of thermal
buoyancy which is a function of Ri has been carried
out by them for analyzing the fluid flow and the rate
of heat transfer. Sensitiveness of lift coefficient
compared to drag coefficient is more which has

[JSMRT|June-2022

ISSN: 2582-8150

been shown by them. Unsteady periodic flow regime
has been investigated for square cylinder in a
horizontal channel with the parameters of 60 < Re <
160 and 0.7 < Pr < 50 has been investigated by Sahu
etal [16] through the numerical analysis. For both
the constant temperature model (CTM) and
constant heat flux model (CHFM) they have been
found out a simple heat transfer correlation.

Heat transfer that is mixed convective in nature has
been gone through in this present study for two
tandem square cylinders for different edge
modification. Three different edge modifications
(square, square with square cut edge, square with
chamfer) have been performed numerically for
confined tandem square cylinders with low
Reynolds number for both the working fluid of air
(Pr = 0.7) and water (Pr = 7.56) with fixed Br of
0.25. The main objective in this current
investigation is to study the effect of edge
modification on the fluid flow characteristics and the
rate of heat transfer phenomena which is associated
with Nu. 2-D numerical analysis has been studied
using Ansys Fluent software. Re has been varied
from 50 to 300 with the step of 50 and variation of
the same has been plotted with Nu for both the
working fluid of all the three different kind of edges.

II. PROBLEM DESCRIPTION

The gadget of interest right in the present work is
the constrained waft of an incompressible fluid
which is flowing through the channel with a
cylinder that is heated and rectangular in shape
positioned symmetrically at the centre-line which
has been depicted in Fig. 1 in which the
computational domain has been depicted with the
boundary conditions. The various dimensions have
been taken according to article [11]. After that two
shapes will be placed in the place of square shaped
bluff bodies in the same position. The magnified
views of other two shapes such as chamfered corners
and square cutting corners have been shown in Fig.
2 and Fig. 3 respectively. At the inlet the square
cylinder is revealed to a velocity field which is
parabolic in nature. Here, the maximum velocity has
been considered as u« at the channel inlet and a
constant temperature has been considered as 7o at
channel inlet.
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Figurel: Computational domain for square
cylinder.

Figure 2: Square shaped with chamfered
corners.

Figure 3: Square shaped square end corners.

III. NUMERICAL METHODOLOGY

The structure of the grid which has been
incorporated here has been shown in Fig. 4. A non-
uniform grid structure has been considered for
throughout the computational domain. It includes
five distinct zones which have both the uniform
and non-uniform grid distribution with smaller
grids in the region where the gradient is more or the
focus of study lie down and the grids are coarser
in size in the areas where gradients are less in
nature. A clustered mesh with very less in size is
used in the nearby region to cylinders for
capturing the interactions between wake and wall
acceptably in both the directions. Also near the
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upper and lower walls where the wake-wall
interactivity is more a fine clustered grid is
implemented. Here two distinct steps are executed
for individual time level. In first condition using
previous time-level pressure field a speculated
velocity is acquired from the discretized
momentum equation. Then in the second step
pressure correction equation has been iterated for
getting velocity corrections. By solving the
equation of momentum which is Navier—Stokes
equations a velocity field has been acquired
which has been considered as the input of the
equation of energy.

EEH

Figure 4: Grid Structure of Square shaped bluff
bodies

For the calculation and analyzing of velocity
distribution and temperature profile around the
considered bodies the governing equations are
solved. All the equations for mass momentum
and the thermal energy are solved in
dimensionless forms with minimal effect of
dissipation and with the fixed thermo-physical
properties which have been considered from
article [11].

IV. RESULTS AND DISCUSSIONS

The temperature profiles by assuming the
Reynolds number ranges from 50 to 300 have
been evaluated with step size 50, Prandtl Number
for air 0.71 and for water 7.56 and with the fixed
blockage ratio of 0.25 for three different edge
modifications of bluff body. Temperature profile
for Re=50 for both air and water with three
different shapes have been given below.
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Figure 5: Temperature Profile for Re=50 (Air-
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Figure 6: Temperature Profile for Re=50 (Water-
Square).
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Figure 7: Temperature Profile for Re=50 (Air-
Square with chamfered end).
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Figure 8: Temperature Profile for Re=50
(Water- Square with chamfered end).
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Figure 9: Temperature Profile for Re=50 (Air-
Square with square end).
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Figure 10: Temperature Profile for Re=50
(Water- Square with square end).

A. Average Nusselt Number (Nu)

For all the three different edge modified shapes
(i.e. for square, square shape with corner chamfer
and square shape with square corner body) the
distinction of average Nu with the variation of Re
have been plotted for both air and water in the Fig.
11 and Fig. 12 respectively.
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Figure 11: Nu vs Re for Air
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Figure 12: Nu vs Re for Water

From the above two figures it can be observed
that the value of Re has proportional effect on
average values of Nu. And it has been found
that the maximum value of average Nu is for
chamfer edge and minimum for square cut edge.
Again, if a comparison is made between air and
water it has been observed that water is in higher
side in the value for the Nu. Hence, this implies
the fact of the rate of heat transfer is more when
water is flowing through the channel compared
to air flowing through the channel. So, the
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variation in Pr and Re has a huge impact on the
rate of heat transfer enhancement.

B. Skin Friction Coefficient

The main component of profile drag is skin
friction drag that can be accomplished as a
resistance force which is exerted on a moving
object within a fluid domain. The major
contribution of skin friction drag is due to the
fluid viscosity and that can be measured a function
of the Re. Fig. 13 depicts the deviation of skin
friction coefficient with Re. From the Fig. 13 it is
understandable that the Reynolds number has an
adverse effect on skin friction coefficient.
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Figure 13: Crvs Re (Same for air and water).
V. CONCLUSIONS

The conclusions that can be drawn from the current
work are as follows

1. The effective nature of Re and Pr on the heat
transfer phenomena around two bluff bodies
placed adjacently and collinearly have been
depicted. The value of Pr has favorable effects
on the calculated values of the Nu for isothermal
boundary conditions for a particular value of the
Re. Also, the value of Re has a favorable effect on
Nu which enhances the rate of heat transfer for the
fixed value of Pr.

2. The Re has adverse effects on skin friction co-
efficient where skin friction co-efficient remains
constant with the variation of the value of Pr.
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